
Reference: Biol. Bull., 144: 192-199. (February, 1973)

THE EFFECTS OF ACUTEGAMMAIRRADIATION ON THE BRINE
SHRIMP, ARTEMIA. III. MALE F

t REPRODUCTIVEPER-
FORMANCEFOLLOWINGPATERNAL IRRADIATION

OF MATURESPERM1

RICHARD D. SQUIRE

Biology Department, Long Island University, Brooklyn, New York 11201

It was reported in the first paper of this series (Squire and Grosch, 1970)
that the F

: sons of irradiated males are much more sterile than are the irradiated

males themselves. However, data were not available for quantitative analysis
at that time.

Population studies have indicated two major patterns of response following
acute irradiation of mature gametes. The majority of the species studied to date

demonstrate a greater degree of sterility in the irradiated generation than in subse-

quent descendants. The irradiated generation may thus serve as an immediate

assay for reproductive damage. In the second pattern of radiation response, the

descendants of irradiated animals are much more sterile than is the irradiated

generation itself. This second pattern of response has been only recently ex-

plored, and is correlated with chromosome structure ("see La Chance et al., 1970).
Instead of having a single region of centromeric activity per chromosome (mono-
kinetic chromosome structure), these latter organisms have many regions of

centromeric activity per chromosome (diffuse centromeres, holokinetic or poly-
centric chromosomes). The holokinetic nature of the chromosome is expected to

reduce acentric fragment loss following irradiation, and hence reduce the degree
of induced Px sterility associated with such induced genetic dominant lethal events.

The surviving offspring, however, may contain many simple and complex chromo-

somal rearrangements. After meiosis, this is expected to result in significantly in-

creased Fj sterility due to the production of genetically unbalanced gametes which

cause lethality in the F
2 . The excellent paper by LaChance, Degrugillier and

Leverich (1970) discusses the cytogenetic aspects in much greater detail and pro-

vides a review of the earlier papers dealing with holokinetic chromosome structure.

The vast majority of these radiation studies in which increased F t sterility was

found utilized lepidopteran, homopteran or hemipteran insects.

Stefani (1963c) reported that Artemia has polycentric chromosomes and indi-

cated their possible interest to radiation biologists. Stefani's studies were often

based upon early blastomere divisions, but he has examined meiotic stages as well

(Stefani, 1961, 1963a. 1963b, 1964, 1967). In their extensive review, Metalli

and Ballardin (1970-72) question Stefani's interpretation, stating that they have

found clear primary constrictions in a metacentric position when studying larval

stages, oocytes and male meiosis. Based on electron microscope examinations,

1 Financial support was provided by LIU Grants In Aid for 1969-70 and 1970-71.
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Fautrez-Firlefyn and Roels (1968) consider Artemia chromosomes to have a

diffuse kinetochore.

The present study therefore provides indirect evidence supporting the holo-

kinetic nature of the Artemia chromosome. The small numerous chromosomes

(2n = 42) of the of the Artemia complement make cytogenetic analysis of induced

aberrations rather difficult, but such a study has begun.

MATERIALS AND METHODS

Culture techniques were essentially the same as reported earlier (Squire
and Grosch, 1970). Male brine shrimp were hatched from commercially obtained

California cysts, and were approximately 5-6 weeks old at the time of exposure.
Doses were 0, 1,2, 3.5, 5, or 10 kR acute gamma radiation using a Gammator-50

(507R/min, 137-Cs).
Irradiated and control males were individually pair mated to homozygous white

eyed females (Xw/Yw). This use of a recessive genetic marker from the female,

and a dominant allele from the male proves the paternity of the offspring and
removes the necessity of using unmated females. (There is no sperm storage in

this species and each brood is produced by a separate mating.) In general, the F
x

were raised to maturity and scored for survival to adulthood and sex ratio. Several

F
t sons (3 if available) were selected from each P

x
male and individually pair

mated to comparable females which lacked any radiation in their ancestry. (Thus
the control "Fj" females became the mates for the F

1 males of control and of

irradiated ancestry.) Each F 1 female was either unmated or virgin when used.

Pedigree records of each mating were maintained. Care was exercised to avoid

any brother-sister matings, since inbreeding depression is extremely pronounced in

this species (Squire, 1969), and would be confounded with induced sterility. It is

important to note that the terms F
x

and F 2 as used in this paper refer to outcrossed

rather than inbred generations.

These experiments were conducted over a period of 2\ years and hence en-

compassed some variation in environmental conditions. Temperatures ranged from

70 to 85 F, but were usually maintained at 78 to 82 F by use of a room aircon-

ditioner. These variations are of little importance since treated animals were always
concurrent with their controls. Repeated tests at 0, 5 and 10 kR gave essentially

identical results. Although full P
x

and F t reproductive data were obtained at some
selected dose levels, the magnitude of data precluded such an analysis at others.

The hatchability of cysts obtained from P
x

and F
x

animals was usually low, whether

or not there was a history of irradiation. This low hatchability limited the kinds

of comparisons which could be made. Survival to adulthood and sex ratio data

were obtained by placing 50 (if available) freshly produced nauplii from a single

viviparous brood in a quart jar of brine. The sample was never smaller than 25

nauplii, and was restricted to a maximum of 50 nauplii in order to minimize the

selective effects of crowding. Different samples represented the products of dif-

ferent pairs.

Data were restricted to young which were produced during the first 11 days

(8 days for 1 kR) after paternal irradiation in order to further ensure the prob-

ability that they were derived from cells which were spermatozoa at the time of

irradiation (Squire and Grosch, 1970).
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TABLE I

Survival to adulthood and sex ratios of FI Artemia after a paternal dose of 5 or 10
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TABLE 111

male reproductive data (scored for 35 days) after a paternal dose <// 1 k R

Criterion
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TABLE V

Number of sterile pairs after a paternal dose of 3.5 kR
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on the one hand, to virtually complete F
1 male sterility (5 kR or less) on the

other. It should be emphasized that even this higher dose of 5 kR was without

obvious effect on the initial fertility of the irradiated males themselves, although
it did reduce F

x post natal viability. F
t survival to adulthood measures viability

during development of the free-swimming nauplius into an adult, and is thus a

measure of lethal events which occur relatively late in development. Early em-

bryonic deaths would be manifest as aborted embryos which failed to develop into

free-swimming nauplii. Such embryos were found in the F 2 after 3.5 kR, but

not in the F
1

. Delayed F
a mortality and the greater degree of F

5
male sterility

(as compared to their fathers) are characteristic of organisms with holokinetic

chromosomes, but diametrically opposed to results obtained with organisms which
have monokinetic chromosomes.

In organisms which contain holokinetic chromosomes it has been repeatedly
demonstrated that the F, sterility is associated with genetically unbalanced gametes
which result from improper meiotic segregation of heterozygous translocation com-

plexes. An additional factor may be secondary chromosome fragmentation and

fragment loss (Brown and Wiegmann, 1969; LaChance et al., 1970; Nordenskiold,

1963; North and Holt, 1968). Although such species are able to transmit small

fragments through many mitotic divisions, there is increasing evidence supporting
the view that many fragments which are retained in successive mitotic divisions

are nevertheless eliminated during meiosis in the mealy bug, Planococcus (Brown
and Wiegmann, 1969), and the silk worm, Bombyx (Inagaki and Nakao, 1970).
However at least some such fragments are retained over successive generations in

the large milkweed bug, Oncopeltus (LaChance et al., 1970), and the wood rush,

Lusula (Nordenskiold, 1963). It is not yet clear whether such a preferential
elimination is in some way caused by a difference in the way in which the spindle
fibers attach to the chromosomes during meiosis as compared to mitosis (Braselton,
1971 ; Buck, 1967; Comings and Okada, 1972).

In the current study, no attempt was made to distinguish between chromosomal

sterility and possible abnormal histological, physiological or behavioral factors

which might also be involved in F
x sterility.

It is important to note that in organisms with holokinetic chromosomes, the

effects of radiation exposure may be much more pronounced in the F, than in

the irradiated generation itself. It is therefore quite possible for a natural popula-
tion to receive a radiation dose which will result in population collapse of the sub-

sequent generation. The usual methods of sampling field populations might fail

to detect such a change before irreversible damage occured. This implication has

become well known to insect-control researchers, but has remained largely un-

noticed by many other investigators. Animals with holokinetic chromosomes in-

clude several groups of insects (Lepidoptera, Hemiptera, Homoptera, Odonata),
brine shrimp (Artemia], and the Brazilian scorpion (Tityus'}. Many of these

species are of considerable ecological and economic importance.

SUMMARY

Male brine shrimp (Artemia} were hatched from commercially obtained Cali-

fornian cysts and irradiated as adults with acute doses of 0, 1, 2, 3.5. 5 or 10 kR
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gamma rays. Each male was individually pair mated to a white eye female. The

Fj were raised to maturity and scored for survival to adulthood, sex ratio, and
F

x male reproductive performance. There was a significant decrease in F
x sur-

vival to adulthood after paternal doses of 3.5, 5 and 10 kR, but not at lower doses.

A significant increase in male sex ratio was observed after 5 and 10 kR, and these

males were almost completely sterile. A paternal dose of 3.5 kR resulted in a

44 per cent decrease in the number of fertile males and some fertile males were

semi-sterile. No apparent effect was observed after 1 or 2 kR.

These data support the proposed holokinetic nature of the Artemia chromosome.

They also demonstrate that the observable effects of radiation may be much more
extreme in the F

x animals than in the irradiated generation itself. This observa-

tion has important implications when assaying the effects of radiation on natural

populations.
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